, respectively], while in (III), there is additional rotational disorder in the DNSA anion, giving two sites (SOF = 0.72/0.28, values fixed) for the phenol group. In the crystals of (I) and (III), the cation-anion pairs are linked through a primary N-HÁ Á ÁO carboxyl hydrogen bond [2.665 (2) and 2.869 (3) Å , respectively]. In (II), the ion pairs are linked through an asymmetric three-centre R 1 2 (4), N-HÁ Á ÁO,O 0 chelate association. In (I), structure extension is through amine N-HÁ Á ÁO carboxyl hydrogen bonds between the PABA anions, giving a three-dimensional structure. The crystal structures of (II) and (III) are very similar, the cation-anion pairs being associated only through weak C-HÁ Á ÁO hydrogen bonds, giving in both overall two-dimensional layered structures lying parallel to (001). No -ring associations are present in any of the structures.
Chemical context and database survey
The Lewis base 1,8-diazabicyclo[5.4 .0]undec-7-ene (DBU) is an alkaloid isolated from the sponge Niphates digitalis (Regalado et al., 2010) but is commonly synthesized. It finds use as a curing agent for epoxy resins, as a catalyst in organic syntheses, and as a counter-cation in metal complex chemistry, e.g. with the pentabromo(triphenylphosphane)platinum(IV) monoanion (Motevalli et al., 1989) . It has also found use in binding organic liquids (BOLs), which usually comprise a mixture of amidines or guanidine and alcohol, and are used to reversibly capture and release gases such as CO 2 , CS 2 , SO 2 or COS (Shannon et al., 2015; Pé rez et al., 2004; Heldebrant et al., 2009) . The structure of one of these formed from the absorption of CO 2 is the bicarbonate (Pé rez et al., 2004) .
As a very strong base (pK a ca 14), protonation of the N8 group of the six-membered hetero-ring of DBU is readily achieved and results in the formation of salts with carboxylic ISSN 2056-9890 acids and phenols. The Cambridge Structural Database (2015 version) (Groom & Allen, 2014) contains 35 examples of organic salts of DBU, among them the benzyl dithiocarbonate (Heldebrant et al., 2009) and the phenolate from 2,6-di(tertbutyl)-4-nitrophenol (Lynch & McClenaghan, 2003) . However, of the total there are surprisingly few carboxylate salts, e.g. with Kemp's triacid (1,3,5-trimethylcyclohexane-1,3,5-tricarboxylic acid) (a monoanionic acetonitrile salt) (Huczyń ski et al., 2008) and the dianionic salt of the tetra(3-carboxyphenyl)-substituted porphyrin (Lipstman & Goldberg, 2013) .
No reported crystal structures of salts with simple substituted benzoic acids are found, so in order to examine the hydrogen-bonding in crystals of the DBU salts with some common ring-substituted benzoic acids, a number of these were prepared. Suitable crystals were obtained with 4-aminobenzoic acid (PABA), (3, and (3, , giving the anhydrous salts, C 9 H 17 N 2 + C 7 H 6 NO 2 À (I), C 9 H 17 N 2 + C 7 H 3 N 2 O 6 À (II) and C 9 H 17 N 2 + C 7 H 3 N 2 O 7 À (III), respectively and their structures and hydrogen-bonding modes are reported herein.
Structural commentary
The asymmetric units of (I)-(III) comprise a BDU cation (A) and a 4-aminobenzoate anion (B), (I) (Fig. 1) , a 3,5-dinitrobenzoate anion (B), (II) (Fig. 2) , and a 3,5-dinitrosalicylate anion (B), (III) (Fig. 3) . The cation-anion pairs in (I) and (III) are linked through a primary N8A-HÁ Á ÁO carboxyl hydrogen bond [2.665 (2) and 2.871 (3) Å , respectively; Tables 1 and 3 ]. In (II), the ion pairs are linked through an asymmetric threecentre R 2 1 (4), N8A-HÁ Á ÁO,O 0 chelate association [2.777 (2), 3.117 (2) Å ; Table 2 ]. With (III), the corresponding longer contact with the second carboxyl O12B atom is 3.222 (3) Å (Fig. 3) . The atom-numbering scheme and the molecular conformation of the DBU cation (A) and the PABA anion (B) in (I) with displacement ellipsoids drawn at the 40% probability level. The cation-anion hydrogen bond is shown as a dashed line.
Figure 2
The atom-numbering scheme and the molecular conformation of the DBU cation (A) and the DNBA anion (B) in (II) with displacement ellipsoids drawn at the 40% probability level. The bonds in the minor disordered section of the six-membered ring of the cation and the cationanion hydrogen bonds are shown as dashed lines.
Figure 3
The atom-numbering scheme and the molecular conformation of the DBU cation (A) and the DNSA anion (B) in (III) with displacement ellipsoids drawn at the 40% probability level. The bonds in the minor disordered section of the six-membered ring of the cation are shown as dashed lines.
With the structures of (II) and (III), there is disorder in the six-membered ring system involving atoms C9A and C10A (with alternative minor occupancy sites C12A and C13A), giving similar site occupancy factors [SOF 0.735 (3)/0.265 (3) and 0.686 (4)/0.314 (4) for (II) and (III), respectively]. This feature is found in three other structures among the CSD set: the previously mentioned 2,6-di(tert-butyl)-4-nitrophenolate (SOF 0.60/0.40) (Lynch & McClenaghan, 2003) ; in the 8-bromoguanosine 8-bromoguanoside adduct salt (SOF = 0.63/0.37) (Saftić et al., 2012) and in the counter-cation of a bromocarbyne Mo complex (SOF = 0.83/0.17) (Cordiner et al., 2008) . The three-dimensional hydrogen-bonded framework structure of (I) viewed approximately along a. For symmetry codes, see Table 1 .
Figure 5
The packing of the hydrogen-bonded cation-anion pairs in the unit cell of (II), viewed along a. The minor-component disordered atoms and the non-associative H atoms have been omitted.
Figure 6
The packing of the hydrogen-bonded cation-anion pairs in the unit cell of (III), viewed along a. The minor-component disordered atoms and the non-associative H atoms have been omitted. Table 1 Hydrogen-bond geometry (Å , ) for (I). Table 2 Hydrogen-bond geometry (Å , ) for (II). Table 3 Hydrogen-bond geometry (Å , ) for (III). 
With the PABA anion in (I), the carboxylate group is essentially coplanar with the benzene ring [torsion angle C2B-C1B-C11B-O11B = 179. 25 (15) , a feature similar to those found in the parent acid (Gracin & Fischer, 2005) and its co-crystals, e.g. with 4-nitrobenzoic acid (Bowers et al., 2005) .
The carboxylate groups of the DNBA and DNSA anions in both (II) and (III) are also essentially coplanar with the benzene rings: torsion angles C2B-C1B-C11B-O11B = À176.60 (16) and À179.4 (2)
, respectively. The 5-and 3-substituted nitro groups are also either in-plane or out-ofplane [torsion angles C4B-C5B-N5B-O52B = 179.61 (16) in (II) and À177.5 (2) in (III) and C2B-C3B-N3B-O32B = À166. 31 (17) in (II) and À155.2 (2) in (III)]. Also, in (III), the phenolic substituent group (O2B) is disordered by rotation about the C1BÁ Á ÁC4B ring vector giving a minor site-occupancy factor for the O21B-H21B group of 0.28 (SOF fixed in the final refinement cycles). This is similar to the disorder in three examples among the DNSA protontransfer salts with Lewis bases, e.g. with nicotinamide (SOF = 0.76/0.24) (Koman et al., 2003) , with 2,6-diaminopyridine (0.90/0.10) (Smith et al., 2003) and with quinoline-2-carboxylic acid (0.51/0.49) (Smith et al., 2007) . In (III), the usual short intramolecular phenol O-HÁ Á ÁO carboxyl hydrogen bond is present (Table 3) .
Supramolecular features
In the crystal of (I), the N8A-HÁ Á ÁO11B hydrogen-bonded cation-anion pairs are extended through intermolecular N4B-HÁ Á Á O11B i and Á Á ÁN12B ii hydrogen-bonding extensions (Table 1) , giving an overall three-dimensional network structure (Fig. 4) . The structure contains no inter-ringinteractions or C-HÁ Á ÁO hydrogen bonds.
The unit-cell parameters, space group (Table 4) , and the overall crystal packing of (II) and (III) are very similar (Figs. 5 and 6). Although no classical hydrogen-bonding interactions are present between the primary cation-anion pairs, with both structures there are two minor cation C-HÁ Á ÁO hydrogenbonding extensions to nitro O-atom acceptors, C2A-HÁ Á ÁO31B
ii [3.309 (2) Å in (II) and 3.281 (3) Å in (III)] and C10A-HÁ Á ÁO32B i [3.247 (3) Å in (II) and 3.251 (5) Å in (III)] (Tables 2 and 3 ). These give two-dimensional layered structures lying parallel to (001). There are no inter-ringinteractions in either (II) or (III).
Synthesis and crystallization
The title compounds (I)-(III) were prepared by first dissolving 100 mg of either PABA, DNBA, or DNSA in 5 mL of warm ethanol followed by the addition, with stirring, of 111 mg (I), 72 mg (II) or 67 mg (III) of BDU, respectively. Slow evaporation at room temperature gave colourless needles of (I), colourless prisms of (II), and fine yellow needles of (III), from which specimens were cleaved for the X-ray analyses.
Refinement details
Crystal data, data collection and structure refinement details are given in Table 4 . Hydrogen atoms were placed in calculated positions [C-H aromatic = 0.95 Å or C-H methylene = 0.99 Å ] and were allowed to ride in the refinements, with U iso (H) = 1.2U eq (C). The amine and aminium H-atoms were located in difference-Fourier analyses and were allowed to refine with distance restraints [N-H = 0.90 (2) Å ] and with U iso (H) = 1.2U eq (N). Disorder involving atoms C9A and C10A of the six-membered ring systems of both (II) and (III) gave refined minor occupancy sites C12A and C13A, with site occupancy factors of 0.735 (3)/0.265 (3) and 0.686 (4)/ 0.314 (4), respectively. Also in (III), the phenol group of the DNSA anion was found to be disordered with the minor occupancy site (O21B) having a SOF = 0.28, which was fixed in the final cycles of refinement. In the structure of (I), although of no relevance in the achiral molecule, the Flack parameter (Flack, 1983) was determined as À0.1 (13) for 1668 Friedel pairs, which serves to indicate the lack of any usable anomalous scattering signal, as expected for an all-light-atom structure determined with Mo K X-rays.
+ ÁC 7 H 6 NO 2 À and 2 related compounds Acta Cryst. Absolute structure: Flack (1983) , 1668 Friedel pairs Absolute structure parameter: −0.1 (13)
Special details
Geometry. Bond distances, angles etc. have been calculated using the rounded fractional coordinates. All su's are estimated from the variances of the (full) variance-covariance matrix. The cell esds are taken into account in the estimation of distances, angles and torsion angles Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma (F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. (7) 0.0034 (7) 0.0032 (7) C2B 0.0342 (9) 0.0280 (9) 0.0251 (8) 0.0037 (7) 0.0070 (7) 0.0017 (7) C3B 0.0338 (9) 0.0244 (9) 0.0268 (8) −0.0015 (7) −0.0021 (7) −0.0001 (7) C4B 0.0263 (8) 0.0258 (9) 0.0352 (9) −0.0016 (7) 0.0021 (7) ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å

